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Culture liquids of a streptomycete, A 717, isolated from Missouri soil, were reported earlier to have a broad antiphage spectrum. Concentrates prepared from the culture liquid were found to have no effect on PR8 influenza or on SK polio virus.'
In further investigations a colorless crystalline compound with antiphage and antibacterial activity was isolated from the culture liquid and mycelium of A 717. It has been named nybomycin. The production, isolation, and some of the properties of nybomycin are described in this report.
Culture and Production.-The streptomycete A 717 was maintained on oatmeal agar. On agar plates the culture was tan to brownish, with slight droplet production; the undersurface was pink to reddish brown. For production of nybomycin the organism was grown in submerged aerated culture at room temperature in a potato extract medium.2 Antiphage activity generally appeared on the third or fourth day, at which time the pH of the culture fluid was 7.2-8.2. The active substance was present in the mycelium and in the culture liquid in about equal amounts, the proportion varying with the age of the culture at the time of harvest.
Purification and Chemical Properties.-Isolation and purification of nybomycin wvas followed by assay with Bacillus cereus phage as the test organism, using the paper disk method.' The mycelium was collected on a Buchner funnel, washed with water, and then extracted several times with boiling 95 per cent ethanol. The combined extracts were taken to dryness in vacuo and treated successively with boiling Skellysolve C (a petroleum ether fraction of boiling range 80-100°C.), cold ether, and cold acetone, all of which removed colored impurities. The residue was extracted with boiling 95 per cent ethanol, which, on cooling, deposited grayishwhite crystals of crude nybomycin.
The culture liquid, free of mycelium, was adjusted to pH 6.0 and extracted several times with n-butanol, or it. Awas aclidified to pH 2.5, filtered, and extracted with one-half its volume of chloroform. Considerable loss wlas experienced with the latter method because, onl acidification, a precipitate (containing active material wits formed from which the compound coul(l not l)e isolated. rlThe extracts in bu-BOTANY: STREI1TZ ET AL. tanol or chloroform, after being taken to dryness in vacuo and treated ill the same way as described for the mycelium, yielded the same crystalline compolln(l (as (letermined by ultraviolet spectrum) as obtained from the myeelium.
Trhe crude crystalline material was further purifiedl by dissolving in concentMate(I hydrochloric acid and treating the solution with charcoal (Norit A). Onldilution of the resulting light yellow liquid with 5-10 parts of water, colorless crystals formed immediately. They were dissolved in boiling acetic acid, from which they crystallized on cooling or on addition of water, acetone, or other common organic solvents. Depending on the solvent from which it was recrystallized, nybomycin appeared microscopically as small, thin needles and occasionally as rods or rhomboid forms.
Concentrated hydrochloric acid, in which a 5 per cent solution could be obtained, was found to be by far the best solvent. Presumably, the weakly basic compound forms a yellow hydrochloride which, on dilution with water, reverts to the colorless base. Solubility in boiling acetic acid was one-twentieth of that in hydrochloric acid. Pure nybomycin is even less soluble in the low-er alcohols, including sec. butanol and isopropanol, all at boiling point, and only very slightly soluble in boiling water, pyridine, acetonitrile, and methylisobutylketone. It is very slightly soluble in cold water, alkali, and all the common organic solvents.
The ultraviolet spectrum of nybomyein in ethanol shows maxima at 266 and 285 my. Spectra of nybomycin in ethanol and in ethanol/concentrated hydrochloric acid (I :2) are shown in Figure 1 . The infrared spectrum is shown in Figure   2 . Analytical data3 agree with the formula C8H702N. Nybomycin can be sublimed in vacuo at 2500 C. without change in its ultraviolet spectrum or loss of biological activity. It darkens at approximately 3300 C. without melting. It gives no color with ferric chloride and does not react in the biuret and ninhydrin test.
Antiphage Activity.-Nybomycin was tested against sixty bacteriophages an(d one actinophage by the paper disk method. ' Disks were prepared by dipping them in a hot alcohol solution of nyboomycin at 0.1 mg,/nl. Antiphage activity was found for fifteen of the phages (staphylophages 1, 2, 3, 5, 8, 11, 14, S3K, muscae; B. cereus phage; Escherichia coli phages T-2, T-5, and T-6r; paratyphoid poona phage 1; and the phage for Streptomyces griseus); partial activity was found for eighteen phages (streptophage 3; enterococcus phages 5/7, 1A, 1B, 2B, and 4; E. coli phages T-1, T-3, T-7, and FCZ; paratyphoid A phage; and cholera phages B, D, F, GI J. K, and M). No action was observed on streptophages 4, 6, and 7; B. megatherium phage; B. subtilis phage C.S.C.; E. coli phages 2, 4, 5, 6B, 6C, 8, 49B, 5OBr, and 1L-2; paratyphoid B phage 1; paratyphoid poona phage 2; Salmonella typhi phage 1; Shigella dysenteriae phages S13 and Flexner 2 and 3; Pseudomonas phages 1 and 2; cholera phages C, E, H, and R. Stimulation of E. coli phages 24B and 53 alpha was noted. These results agree in general with those reported earlier for the antiphage activity of culture liquids of A 717.1
Antiphage activity of an alcoholic solution of nybomycin was determined by serial dilution.' The minimum inhibitory concentration for staphylophage 14 was 1.7 mg. per milliliter; for enterococcus phage 5/7, 0.6 ,ug.; for B. cereus phage, 0.5 jig.; for E. coli phage T-2, 0.6 mg.; and for the actinophage, 0.2 Mg. The phagocidal effect of nybomycin on free phage particles was determined by the method described by Asheshov et al. I Because of the relatively slight solubility of nybomycin in suitable solvents, it was suspended in 0.5 per cent sodium carboxymethyl cellulose (CMC). A control tube containing the same concentration of CMC was included in each test, and the total number of phage particles in this tube was considered as 100 per cent.
Nybomycin at 1 mg/ml. had no effect on staphylophage 14, enterococcus phage 5/7, E. coli phages T-2 and FCZ, cholera phage D, and the actinophage. Exposure of B. cereus phage to 1.0 mg/ml caused a 47 per cent decrease in phage titer; to 0.5 mg/ml, a 42 per cent decrease; to 0.25 mg/ml, a 24 per cent decrease; to 0.1 mg/ml, a 13 per cent decrease; with 0.01 mg/ml no change in titer was found. Phagocidal action of nybomycin on the B. cereus phage may be doubtful, since 0.5 ,4g/ml of nybomycin exerted an antiphage action in the serial dilution tests.
Antibacterial Action.-In the tests for antiphage activity by the paper disk method, inhibition of the host bacteria was observed in some instances. There was, however, no necessary correlation between antiphage and antibacterial activity. For example, antiphage effects were observed for each of the nine staphylophages tested by the paper disk method, but antibacterial activity was noted for Staphylococcus aureus 14 and S3K only.
Tests for antibacterial action (bacteria in absence of phage) were made with paper disks dipped in a 0.1 per cent alcoholic solution of nybomycin and by serial dilution4 in which the compound was suspended in 0.5 per cent CMC or dissolved in hot alcohol and diluted before testing. The disk and dilution tests were substantially in agreement (Table 1) . The minimum inhibitory concentrations obtained with the alcoholic solution of nybomycin (figures in parentheses, Table 1 ) were generally higher than those found when the compound was suspended in CMC. It inhibited S. aureus No. 14 at 1.0 jsg/ml and S. aureus S3K at 5.0;Lg/ml. It had no effect on the strain of E. coli (ATCC 9637) used in our routine antibacterial assays or on E. coli Yoeman, E. coli L-2, E. coli C, and E. coli alpha. It was highly effective on E. coli B and to a lesser degree on E. coli FCb. Nybomycin was highly inhibitory for Klebsiella pneumoniae (ATCC 9997), B. subtilis (ATCC 9633), Mycobacterium smegmatis (ATCC 10143), and B. mycoides (ATCC 9634) ; quite inhibitory for B. cereus No. 1; and inactive on Pseudomonas aeruginosa (ATCC 10145) (Table 1) . Toxicity Tests.-Preliminary toxicity tests in mice demonstrated that nybomycin suspended in peanut oil and given intraperitoneally was tolerated in doses of 250 mg/kg. Activity, as determined by assay against the test organisms, indicated the presence of active material in the feces for twenty-four hours and in the urine for three days.
Summary.-A colorless crystalline antibiotic with a wide range of activity against bacterial viruses and bacteria has been isolated from an unidentified streptomycete. Methods of production and isolation and some of the chemical and biological properties are described.
